We report the detection of a transient γ-ray source in the direction of B3 1428+422 (z = 4.72) by analyzing the 110-month F ermi-LAT Pass 8 data. The new transient γ-ray source is rather similar to the known high redshift γ-ray blazars in many aspects, including the soft spectrum, high luminosity (assuming a redshift of z = 4.72) as well as significant variability. In view of these facts, we suggest that the newly discovered transient is the γ-ray counterpart of B3 1428+422, which is thus the most distant GeV source detected so far. The detection of a group of such distant γ−ray blazars will be helpful to reconstruct the evolution of the luminosity function and to study the extragalactic background light at such high redshifts.
INTRODUCTION
Blazars, including flat-spectrum radio quasars (FSRQs) and BL Lacertae objects (BL Lacs), are an extreme subclass of Active Galactic Nuclei (AGNs) whose strong relativistic jets are closely aligned with the line of our sight (Blandford & Rees 1978; Urry & Padovani 1995) . Since the jet emissions are strongly boosted due to the relativistic effects, they are the dominant population among the extragalactic γ-ray sky (e.g., Acero et al. 2015) . At early cosmic time, Blazars serve as luminous beacons (e.g., Romani et al. 2004) , harboring supermassive black holes (SMBHs) heavier than one billion solar masses (Ghisellini et al. 2010) . High redshift blazars not only provide crucial information of formation and growth of the first generation of SMBHs as well as their jets, but also reveal potential impacts of the jets on the evolution of AGNs along with their host galaxies (e.g., Volonteri 2010; Fabian 2012) .
Some blazars with redshifts of ≥ 5 have been discovered (Romani et al. 2004; Sbarrato et al. 2012; Ghisellini et al. 2014; Yi et al. 2014) . However, none of these sources have been identified as γ-ray emitter. NVSS J151002+570243 (z = 4.3, Flesch 2015) is the most distant γ-ray blazar reported in the literature (Ackermann et al. 2017 ). One of the major characters of these high redshift sources is that they have softer γ-ray spectra (Γ γ 3, Ackermann et al. 2017; Li et al. 2018 ) than the nearby sources (Γ γ 2.5, Ackermann et al. 2015) . Since the angular resolution of Fermi-LAT for sub-GeV photons is much worse than for GeV gamma-rays 1 , the detection of the high redshift soft γ-ray sources is challenging. Interestingly, a 10-fold γ-ray flux increase and a brighter-when-bluer spectral variability behavior have been detected in two γ-ray blazars beyond redshift 3 (Li et al. 2018) . Therefore, the very distant blazars may be relatively easier to be detected in a outburst phase.
B3 1428+422 (z=4.72, Hook & McMahon 1998 , also known as GB 1428+4217, was identified in an optical spectroscopy search for high redshift flat-spectrum radio sources. Its high X-ray luminosity (∼ 10 47 erg s −1 , Fabian et al. 1997) , the hard X-ray spectrum (Γ x 1.5, Paliya et al. 2016) , the radio morphology including a compact dominant core with high brightness temperature (T b 5×10 11 K, Veres et al. 2010 ) and more importantly the significant radio and X-ray variability (Fabian et al. 1999; Worsley et al. 2006 ) strongly suggest that B3 1428+422 is a highly active high redshift blazar. The search for its γ-ray emission with the ∼ 7.5 yr Fermi-LAT data has been performed, but no significant signal has been identified (Paliya et al. 2016) .
In this Letter, we analyze the ∼ 9 yr Fermi-LAT data (Section 2), and report a promising γ-ray counterpart of B3 1428+422 (Section 3), along with some discussions (Section 4).
DATA ANALYSIS
The first 110 months (MJD 54683−58032) SOURCE type F ermi-LAT data (evclass = 128 and evtype = 3), in the energy range of 0.1 − 500 GeV, are analyzed with the updated Fermi Science-Tools package of version v11r5p3. The entire data set is filtered with gtselect and gtmktime tasks, by adopting a maximum zenith angle of 90
• and "DATA QUAL > 0" & "LAT CONFIG==1". Then the unbinned likelihood algorithm implemented in the gtlike task is used to extract the γ-ray flux and spectrum. Since B3 1428+422 is excluded in any current γ-ray catalogs, a corresponding γ-ray source located at the radio position of B3 1428+422 with a single powerlaw (i.e. dN/dE ∝ E −Γ , where Γ is the spectral photon index) spectral template is added in the analysis model file. Meanwhile, all sources in the preliminary LAT 8-year Point Source List (FL8Y 2 ) within 15
• of the target have been taken into account. Parameters of the FL8Y sources lying within 10
• as well as two diffuse templates are left free, while others are fixed at FL8Y values. The test statistic (TS = 2∆logL, Mattox et al. 1996 ) is adopted to quantify the significance of a γ-ray source, where L represents the likelihood function, between models with and without the source. If any sources beyond FL8Y emerge in the subsequently generated TS residual map, they are added into the updated background model and the likelihood fitting is re-performed. When one source is not significantly detected by F ermi-LAT (i.e. TS < 4), a 95% confidential level (C. L.) upper limit is obtained by pyLikelihood UpperLimits tool instead of a flux estimation.
RESULTS
First, we perform a fit of the entire 110-month data. As shown in the residual TS map (see Figure 1) , there is no evidence for a bright γ-ray source in the direction of B3 1428+422. The TS value of the potential weak γ-ray source (Γ frozen as 3.0) is rather small (TS = 3), in agreement with the result of a previous study (Paliya et al. 2016) .
We then evenly divide the total F ermi-LAT data into 16 time bins (each bin of roughly seven months) to ex-tract a monthly γ-ray light curve. Though the TS values in most time bins are rather small (< 4), the 8th bin (MJD 56148−56357) is distinguished by its high TS value (i.e., > 25), which reveals the emergence of a new γ-ray transient source (see Figure 2 ). Due to the limited spatial resolution of F ermi-LAT, such a rise of TS value could be caused by a flaring bright neighbor (e.g., Li et al. 2018) . There are two known γ-ray sources within 1
• away from the target, including FL8Y J1428.5+4240 and FL8Y J1434.2+4205. Since the latter is a faint source hardly detected in the light curve, only the temporal behavior of the former is exhibited. As shown in Figure 2 , the appearance of the new γ-ray source does not coincide with any flaring event of its neighbors. TS maps for the pre-flare, flare and post-flare epochs are generated, respectively (see Figure 3) . No significant signals are found in the pre-flare and post-flare phases. However, a strong γ-ray signal indeed appears at the direction of B3 1428+422, confirming the result of the monthly γ-ray light curve. A localization analysis of the new γ-ray source provides the coordinates of R.A. 217.773
• and DEC. 41.875
• , with a 95% C. L. error radius of 0.312
• . The angular separation between the γ-ray position and the radio position of B3 1428+422 is 0.24
• , see Figure 3 (d). We have also looked for other potential counterparts, especially blazar candidates included in the BZCAT list (Massaro et al. 2009 ) and high frequency radio surveys (e.g., Myers et al. 2003; Healey et al. 2007 Healey et al. , 2008 . No other sources in these catalogs are found to be within the 95% C.L. γ-ray error radius. Adopting the updated γ-ray position, a single power-law function provides an acceptable description of the γ-ray spectrum of the source,
and the photon flux is (2.29 ± 0.56) × 10 −8 ph cm
If the γ-ray source is indeed associated with B3 1428+422, the apparent isotropic γ-ray luminosity in the flare phase should be (1.0 ± 0.3) × 10 49 erg s −1 (here we take a ΛCDM cosmology with H 0 = 67 km s −1 Mpc −1 , Ω m = 0.32, and Ω Λ = 0.68; Planck Collaboration et al. 2014). The corresponding TS value at this time bin is 31 ( 4.7σ). Since we have 16 trials in the light curve and hence a global significance after correction of a trial factor can be estimated as
which is still > 4σ. By comparison with the 110 months averaged flux status, (1.7 ± 1.2) × 10 −9 ph cm −2 s −1 or a 95% C. L. upper limit of 5 × 10 −9 ph cm −2 s −1 , there is a significant γ-ray flux increase in this time bin, though no explicit variability amplitude can be obtained due to large uncertainties. Further investigations are performed to search for potential shorter-term γ-ray variability. A 20-day time bin light curve shows that there are two sub-flares peaking in August 2012 and December 2013, respectively (see Figure 4) . In the first flare, the flux rises to (8.0±2.5)×10 −8 ph cm −2 s −1 , and a large TS value (TS= 30) displays in one time bin. We also perform a γ-ray localization analysis for this time bin, and B3 1428+422 still falls into the 95% C. L. error radius. A 5-day time bin light curve centered at August 2012 is also extracted. Despite the large uncertainties, a roughly twofold γ-ray increase within 5 days, from (6.5 ± 4.0) × 10 −8 ph cm −2 s −1 at MJD 56157.35 to (1.3 ± 0.4) × 10 −7 ph cm −2 s −1 at MJD 56162.35, indicates possible intraday γ-ray variability. Note that the 5-day peaking flux is five times higher than the 7-month averaged flux, suggesting a highly variable γ-ray flux. The corresponding doubling time in the source frame can be estimated as τ = ∆t × ln2/ln(F 1 /F 2 )/(1 + z) ∼ 20 hr. Since the F ermi-LAT data used here is under the routine survey mode, such a doubling time should be treated as an upper limit. Li et al. 2018) . It is reasonable to record such violent behaviors because significantly beamed bright sources are preferred to be detected there due to the Malmquist bias. The typical peak γ-ray luminosity of these high redshift sources is ∼ 10 50 erg s −1 (e.g., Li et al. 2018) . By comparison, the 5-day peaking luminosity of our target is ∼ 7 × 10 49 erg s −1 assuming a redshift of 4.72. PKS 1830−211 (z = 2.5) is the brightest high redshift blazar detected so far, which has a daily peak flux of 3×10 50 erg s −1 (Abdo et al. 2015) . Note that it remains to be detectable for F ermi-LAT if located at a redshift of 5, where the point source daily sensitivity (∼ 10 −10 erg cm −2 s −1 ) can be scaled by the 3LAC value (∼ 3×10 −12 erg cm −2 s −1 for Γ = 3.0, Ackermann et al. 2015) . Meanwhile, intraday γ-ray variability has been detected in several high redshift blazars (e.g., Akyuz et al. 2013; Abdo et al. 2015; Li et al. 2018) . Interestingly, an evidence of a similar behavior has been also found in our target. Together with its soft γ-ray spectrum, the robustness of the γ-ray signal and the cospatiality between the γ-ray source and B3 1428+422, we suggest that the new transient γ-ray source is the γ-ray counterpart of B3 1428+422.
High redshift γ-ray sources, including blazars and γ-ray bursts (GRBs), are valuable targets because of the imprints of extragalactic background light (EBL) in their γ-ray spectra. So far the most distant GRB detected by F ermi-LAT is GRB 080916C at a redshift of z ph = 4.35 (Greiner et al. 2009; Abdo et al. 2009 ). Therefore B3 1428+422 is likely the farthest high energy γ-ray source detected so far. Horizon γ-ray photons (i.e. suffered significant EBL attenuation, τ γγ = 1) have been detected in several blazars (e.g., Tanaka et al. 2013) . Though our transient is too soft/weak to probe the γ−ray opacity of the universe, the presence of GeV sources at z > 4.5 is indeed encouraging for such a purpose. Moreover, since there are no known γ-ray BL Lacs beyond redshift 3 right now (Liao et al. 2015) , detections of high redshift γ-ray FSRQs is also crucial to determine the high redshift end of γ-ray luminosity function (GLF) of blazars. In fact, PKS 0537−286 (z = 3.1) remains to be the most distant γ-ray source among the sample used to generate the current blazar GLFs (e.g., Ajello et al. 2012; Zeng et al. 2013) . Therefore, the recently detected new high redshift γ-ray FSRQs, especially the five new sources with redshifts between 3.4 and 4.3 (Ackermann et al. 2017 ) as well as B3 1428+422, should be embraced to update the blazar GLF (Liao & Zeng in prep.) . Based on such a revised GLF, it is reasonable to see an optimistic expectation of F ermi-LAT detection of blazars at z ∼ 6, which supports that the jetted AGNs play an important role at early cosmic time.
Multiwavelength campaigns, including γ-ray observation as well as complementary observations from radio to X rays, become a routine approach to probe the physical processes of AGN jets, and simultaneous γ-ray and optical flares have been frequently detected for FSRQs (e.g., Abdo et al. 2010b ). The simultaneous detection of these flares would provide a decisive proof of the association between the γ-ray source and its optical counterpart (e.g., Liao et al. 2016) . Such an important proof is however still lacking for all known γ-ray FSRQs beyond redshift 3. Due to their faint optical emission (typically R mag 20), many optical transient surveys are not deep enough (e.g., Drake et al. 2009 ). Nevertheless, strong optical flares are found from one of those sources, NVSS J163547+362930 (z = 3.6), based on archival Palomar Transient Factory (PTF) data (Li et al. 2018) . Therefore, we examined the PTF data 3 of B3 1428+422 (r SDSS,mag 21, Pâris et al. 2014) . No PTF observations are available in August 2012 when the intense γ-ray flare appeared and no significant optical flare of B3 1428+422 can be identified at other times. This situation will be significantly improved by upcoming wide-deep-fast sky survey facilities, such as the Large Synoptic Survey Telescope (Ivezic et al. 2008 
